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[57] ABSTRACT 

Shock absorbing structures suitable for footware and 
the like may utilize a flexible polyurethane of essentially 
linear structure containing unsatisfied hydroxy! groups 
and having a compression set of less than 15%, an elon- 
gation break of at least 500%, and a recovery which is 
delayed after compression by at least 0.7 seconds. The 
structures include a block or layer with one or more 
fluid cavities, each cavity having one or more relatively 
small passageways communicating the cavity with the 
exterior of the block or layer. The cavities may be 
closed by a separate layer bonded to the block or layer. 
In footware, the cavities may be strategically located 
and circular or rectangular in form with the passage- 
ways being similarly shaped and extending through the 
top of the layer or block. 

3 Calms, 2 Drawing Sheets 
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„ drawings which are given by way of example, and in 

SHOCK ABSORBING STRUCTURES which: 

FIGS. 1 and 2 schematically illustrate in a side view 
Shock absorbing structures are employed in a variety and a sectional view at I— I thereof, respectively, a 
of practical applications of which typical examples are 5 simple structure according to the invention, 
Jose of packaging and sports footwear. Current usage FIGS. 3 and 4 schematically illustrate in underneath 
frequently involves foamed elastomeric and other plas- plan view and an enlarged sectional view at II— II 
tics materials of varying forms, elastomeric materials thereof, respectively, one embodiment of the invention 
being appropriate when repeated shock absorbing capa- for use in footwear, 

bility is required, as in footwear, and other materials 10 FIGS. 5 and 6 are respectively a similar underneath 
being appropriate when a much lesser frequency of plan view and sectional view at III— III of another such 
impact is likely, as in packaging. embodiment, and 

However, despite the variety of such materials in FIG. 7 is an underneath plan view of another embodi- 
duTerent applications, limitations arise in connection ment of the invention. 

with control of the capabilities of these materials as 15 The structure of FIGS. 1 and 2 is intended primarily 
presently employed. Among these limitations is the fact to illustrate the functional properties of the invention 
that the shock absorbing capabilities are determined rather than a specific practical embodiment thereof and 
predommantly by the material manufacturing process. its description will accordingly be of a very generalised 
Also, cell collapse within a foamed material often re- form, 

suits in an unacceptably high compression set for the 20 The relevant structure in fact comprises simply a 
purposes of many applications. In addition, variation of block 10 of elastomeric material having a cavity 11 
capability occurs within a given piece of material with formed therein from one side to leave a generally annu- 
vanation of cell size affecting elastic modulus, and with lar side wall 12 and an end wall 13. The cavity has at 
varation of cell wall thickness affecting compression least one dimension, the same order of size as the corre- 
set by way of ceil fracture level. 25 spending dimension of the block and, in the present 

In this context a clear benefit resides in providing an case, this is seen to be so for both the width and height 
enhanced degree of control over the capabilities of a in FIG. 2. 

shock absorbing structure and to this end an improved The block is additionally formed with a passageway 
structure of this land is made of elastomeric material 14 to communicate the cavity with the exterior of the 
defining a fluidHcontaiiiing cavity therein with at least 30 block, this passageway having overall cross-sectional 
one dimension of a similar order of size to the corre- dimensions which are small relative to the correspond- 
spondmg dimension of said material bordering thereon, ing dimensions of the block. In this instance the passage- 
and said cavity being communicated with the exterior way is located in the side wall of the block and its di- 
of the structure by one or more passageways each hav- mehsions are seen from FIG. 1 to be as just qualified 
ing at least one cross^sectional dimension which is small 35 Lastly, the cavity is closed, except for the passage- 
relative to the corresponding dimension of said cavity. way 14, by the location across the open part of the 
Normally, the overall cross-sectional dimensions of block of a member 15. This member may be a membrane 
each passageway will be small compared to those of its or sheet of any material, although suitably it is common 

CZ rl l y\ , , J L f , with the block, secured to the block as a permanent part 

tt is to be understood that the shock absorbing capa- 40 of the structure. Alternatively, the member 15 may 
bilities of the structure just proposed are not determined represent part of an object against which the block is 
by those of the elastomeric material alone but by the located in a permanent or separable manner, and in 
latter m association with the physical properties of the respect of which a shock absorbing capability is to be 
fluid, and the geometry of the structure, cavity and afforded. 

passageways. The fluid properties will be substantially 45 Given that this structure is intended to absorb a shock 
uniform and predictable, and the geometry is readily impact thereon, it will be seen that the structure can 
preoetermined, and so the overall capabilities are gener- compress in stages subject to different controlling fac- 
ally more controllable than is the case with the prior tors. Generally speaking the structure will compress in 
structures. a first pnase dwing which ft fa distortcd t0 drive air 

l^e cavity nuy be open on one side thereof, with this 50 from its cavity to atmosphere by way of the passaee- 

side being substantially closed by the surface of another way, until the passageway is closed by the distortion to 

member employed in association with the structure. lead to a second phase. 

The fluid in the cavity is suitably air, with each pas- During the first phase the rate at which air is vented 

sageway venting the same to atmosphere, but other gas will depend on various factors. Firstly the small cross- 

or liquid may be appropriate in some circumstances. 55 sectional size of the passageway will tend to produce a 

The elastomeric material preferably does not have throttling effect with a consequent presurisation of the 

such a high clastic modulus as to quickly return much of cavity. Secondly, this will be compounded by variation 

any impact energy imparted thereto by a shock; on the of the cross-sectional shape of the passageway: a circu- 

S^S^'i ? 5~ a recov - lar shape will progressively reduce in area with com- 

ery after distortion.. Also, it is preferred that the mate- 60 pression, laterally elongated shapes will so reduce more 

thfc inL a n ™ co £P resslon ? et for many applications rapidly, and the latter shape when orientated through 

this ideally should approach zero. In these two respects 90' wiU first increase in area before reducing. Thirdly, 

7S£ n f^V* ^l?c^ C * lCa ?° n Na the location of P^geway will have an effect, lock- 

1,564 195 and U.S. Pat No. 4,346,205, the latter of tions nearer to the member tending to be subject to 

which k incorporated herein by reference are partial- 65 change in a delayed manner compared to more remote 

larly suitable, but not exclusively so. locations. 

aarification and tether consideration of the present During the second phase the structure will continue 

invention is made with reference to the accompanying to compress with increase of cavity pressure until the 
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air is less compressible than the elastomeric material, or 2 mm say, than layer 25 in this region* In practice it 

whereafter the properties of the material dominate fur- appears that collapse of layer 25 can provide a flared 

ther change. thickness variation towards the junction region. 

Clearly this situation gives considerably greater Use of these embodiments is presently intended to 

scope for variation of shock absorbing capabilities for a 5 involve location in a shoe with the cavities opening 

given elastomeric material compared to the use of the downwardly for closure by the underlying structure, 

material alone in an effectively homogeneous structure, the material of said Specification No. 1 ,563, 195 and U.S. 

and these variations are open to greater control. Pat. No. 4,346,204, the latter of which is incorporated 

Turning to the embodiments of the remaining figures, herein by reference having a natural tackiness which 

these are each intended to serve as an insole for location 10 assists closure of the cavities. However, an additional 

in a shoe to provide different shock absorbing capability closure layer of material such as in layer 25 could be 

below different parts of the wearer's foot. Each insole employed. 

comprises a suitably shaped layer 20 of substantially An additional benefit of these embodiments in use is 

uniform thickness of an elastomeric material according that air is repeatedly vented from the cavities and 

to the above-mentioned Specification No. 1,564,195 and IS drawn therein to and from space below and around the 

U.S. Pat No. 4,346,205, the latter of which is incorpo- foot to ventilate the same. It is also possible to provide 

rated herein by reference. Each layer 20 is provided passages 22' as shown in FIG. 7 which extend through 

with a plurality of cavities or recesses 21 opening into a side wall of the layer 20 as shown in FIG. 7. 

the layer from below, and each cavity is vented to the While in the above description more particular refer- 

upper surface of the layer by one or more passageways 20 ence has been made to application of die invention in 

22. The size of each cavity compares with that of the footwear, numerous other applications are possible, 

layer, and each passageway with its cavity, as discussed Reference has already been made to packaging, and 

above so that the cavities influence the shock absorbing other examples are to be found in the medical and veter- 

properties of the layer on a local basis. In addition the inary fields where physical shock protection is often 

cavities influence the overall shock absorbing capability 25 appropriate to patients and animals, the automotive 

of the layer by allowing distortion of the elastomeric field for bumpers, facia panels, seats, crash helmets, etc., 

material to occur which may not otherwise be possible. and so on. 

In the result the layer has varying capability thereover Also reference has been made primarily to air as the 
and this variation can be deployed in different ways in relevant fluid, and air will indeed normally be an opti* 
a controlled manner to suit differing requirements 30 mum choice. However, other fluids of gaseous or liquid 
suited to normal footwear in walking, sports footwear form can be employed but will often require use of the 
in running and other such activity, and surgical and structure in association with a closed fluid system, ex- 
remedial footwear having special requirements. In the cept for marine and other special situations. A possibil- 
parttcular illustrated embodiments, that of FIGS. 3 and ity of prospective interest is that the role of the fluid 
4 has substantially circular cylindrical cavities with 35 may be assumed by a material having non-Newtonian 
respective singular passageways of corresponding properties in being elastomeric when subjected to 
shape, with the cavities being in a generally closely forces of low amplitude at high frequency, and as a 
packed array over the layer except for two areas 23 and viscous liquid when subjected to forces of high ampli- 
24 which may correspond to location below portions of tude at low frequency, 
the heel and ball of the foot This may suit normal walk- 40 I claim: 

ing. The embodiment of FIGS. 5 and 6 involves slot 1. A shock absorber insole comprising a compressible 
form cavities, each with a plurality of similarly shaped block of elastomeric material, said block having a cavity 
passageways, and with the cavities distributed generally formed by surface means defining a recess and adapted 
longitudinally and more evenly over the layer. This is to engage shoe surface means when applied to a shoe 
thought is suit sports activity. 45 closing said recess for capturing fluid therein, and vis- 
It is to be noted that the plan shapes of these embodi- cous damping control means for varying the rate of 
ments need not necessarily conform to the whole of a damping during compression of said block including 
foot insofar as the whole area below the foot may not passage means communicating between said cavity and 
require shock protection. However, it may well be the exterior of said block through a side wall of said 
appropriate to complete the shape in this respect to 50 block, said passage means having a cross-section which 
assist in maintaining a desired location for the layer varies during compression of said block thereby to vary 
when used in a shoe. Accordingly the layer 20 may be the rate of escape of fluid from said cavity, said elasto- 
extended by an area 25 of different material having a meric material being a flexible polyurethane of essen- 
much lesser shock absorbing capability. dally linear structure containing unsatisfied hydroxyl 
In one example of such an extension the layer 20 is 55 groups and having a compression set of less than 15%, 
extended by a circumscribing layer 25 of a foamed cross an elongation at break of at least 500%, and a recovery 
linked polyethylene, with the two layers being held in which is delayed after compression by at least 0.7 sec- 
place by bonding to a common felt or other pervious onds. 

layer thereover. The layer 25 in this instance is of a 2. A shock absorbing insole comprising a layer of 
material having a significantly higher compression set 60 fluid impermeable elastomeric material having a bottom 
than that of the layer 20 and so quickly permanently surface for engaging an interior surface of a shoe, a 
compacts to conform with the adjacent areas of the plurality of elongated narrow recesses formed in said 
foot. Also, this material contributes litde weight to the bottom surface, each said recess and the interior shoe 
overall insole. Development of such a composite insole surface cooperatively defining a pressurizable fluid- 
indicates no difficulty arising by way of user discomfort 65 containing cavity, said bottom surface including surface 
as a result of the dissimilar material properties at the means contiguous with each said recess for sealing 
junction region between layers 20 and 25, although tests against the interior shoe surface thereby to capture fluid 
suggest that the layer 20 should be slightly thicker, by 1 within said recess, said elastomeric material being a 
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flexible polyurethane of essentially linear structure con- 
taining unsatisfied hydroxyl groups and having a com- 
pression set of less than 15%, a elongation at break of at 
least 500%, and a recovery which is delayed after com- 
pression by at least 0.7 second, at least some of said 
recesses being laterally spaced apart in the direction of 


the width of the shoe and being in generally parallel 
relationship. 

3. A shock absorbing insole as set forth in claim 2 
wherein the width of each said recess is of a similar 
order of size to the adjacent thickness of said layer of 
elastomeric material. 

* * * * * 
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